Summary. The placement and dimensioning of exit routes is informed by experimental data and theoretical models. The experimental data is still to a large extent uncertain and contradictory. In this contribution an attempt is made to understand and reconcile these differences with our own experiments.
Introduction
An understanding of pedestrian motion within high occupancy buildings is necessary in order to ensure safe and prompt evacuations. Bottlenecks are an environment of interest and several factors influence this motion, namely the geometry of the bottleneck (width, length and location, the initial distribution of the pedestrians (densely/lightly packed, starting point) and sociological effects (group composition, motivation, stress levels). In [1] several experiments examining pedestrian flow through bottlenecks were compared and contrasted with each other. Between the experiments large discrepancies in the measurement of the flow were seen. In [2] the zippering effect was observed and the flow increased in a stepwise manner.
The size of the discrepancies casts doubts over the specification of planning regulations and guidelines, and as such we are compelled to reach an understanding of the underlying causes of these discrepancies. This contribution attempts to address the underlying causes of these differences.
In figure 1 sketches of the experimental setups discussed in [1] are shown. The most immediately identifiable differences are the geometry of bottleneck and the initial distribution of the pedestrians. We consider only the experiments from Kretz [3] , Müller [4] and Seyfried [1] (figure 1(a), 1(c), 1(e)) in this arXiv:0911.4350v2 [physics.soc-ph] 2 Dec 2009 analysis as they concern the motion of an evenly distributed group through a symmetrical bottleneck.
(a) Kretz [3] . (b) Muir [5] . (c) Müller [4] . (d) Nagai [6] . (e) Seyfried [1] . Fig. 1 . Comparison of experimental setups.
Our experiment was performed in 2006 in the wardroom of the Bergische Kaserne Düsseldorf. The experimental setup allows the influence of the bottleneck width and length to be probed. In one experiment the width, b, was varied (from 90 to 250 cm) at fixed corridor length, the other experiment investigated varying the corridor length, l, (6, 200, 400 cm) at fixed b of 120 cm. Wider bottlenecks with more test persons were studied than in previous attempts. The test group was comprised of soldiers. 
Results
The time evolution of the density in front of the bottleneck is shown in figure 3. In the bottleneck width experiment the dependence on b is immediately obvious, figure 3(a), with the highest densities being seen in front of the narrowest bottlenecks (between 20 and 30 seconds the densities are 5.46 ± 0.75, 4.79±1.00 and 3.52±0.87 for b = 90, 160, 250 cm respectively). For the length experiments no appreciable difference in the densities can be observed. With the accurate trajectories available to us, we can examine the process of lane formation in detail. In figure 4 all the paths taken by pedestrians passing through bottlenecks of varying widths are overlayed. From these various insights into the process of lane formation can be obtained. The most immediate observation is that lanes are not formed continuously as the bottleneck width increases, figures 4(a) to 4(c), instead lanes are formed along the walls of the bottleneck. At fixed b, the path layouts for l = 200, 400 cm look qualitatively the same, with two lanes forming. This contrasts with the l = 6 cm situation where three lanes are formed.
In figure 5 (a) and 6(a) N can be seen to curve downwards therefore the flow is time-dependent, diminishing as the experiment runs its course. The flow will depend on the number of pedestrians considered. In this analysis we calculate the flow using the first 150 people. Previous experiments have not observed this time dependence, as the participation in the experiments was not high enough (for example in [7] only 100 pedestrians took part). As expected the flow exhibits a strong dependence on the width of the bottleneck b, see figure 5 . The bottleneck length l exerts virtually no influence on the flow, except for the case of the an extremely short constriction, figure 5 , where three lanes can be formed. In figures 5(b) and 6(b), the flow from our experiment is presented alongside previous measurements. The black line in figure 5 an extremely short corridor. The discrepancy between the Müller data and the empirical J = 1.9b line is roughly ∆J 0.5 s −1 . This difference can be accounted for due to the short corridor, but may also be due to the higher initial density in the Müller experiment. 
Stationary state
It is reasonable to assume that a stationary state would be reached given greater participation, as the initial conditions are forgotten by the system. However, from our data, we cannot detect any limiting value for the flow and therefore must presume that the participation level required for the system to reach a stationary state will be prohibitively high. It is possible that shorter bottlenecks require longer to reach a stationary state and secondly eager people are more likely to position themselves at the front of the pack. The individual eagerness could be controlled by deliberately shuffling the participants in the experiment.
Conclusions and future prospects
Pedestrian motion is influenced by innumerable factors. Here we have shown that the length of the bottleneck exerts a considerable influence on the flow, and can account for some of the observed differences. As expected the wider the bottleneck the greater the flow, also shorter bottlenecks permit a greater flow than longer ones. We have also observed that inside the extremely short bottleneck three lanes are formed. The influence of initial conditions on the time evolution of the system is still not understood. No evidence of a stepwise increase in the flow was seen as predicted by the zippering effect.
Due to the large fluctuations inherent in the measurement of the density, it is difficult to recognise when a stationary state has been achieved. Work is in progress on a measurement method which mitigates this problem.
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